The first regional checklist of moths and butterflies of Arkhangelsk oblast of Russia includes 1,036 species (538 species of microlepidoptera and 498 species of macrolepidoptera), 496 of which have been found in the oblast for the first time. The most interesting records include Gnorimoschema robustella, Caryocolum leucomelanella, Dichrorampha sequana, D. uralensis, Neptis rivularis and Melitaea phoebe. We also discovered several populations of Parnassius mnemosyne in the southern part of the oblast. The fauna of Arkhangelsk oblast appears poorer than the fauna of Northern Ural Mts. but still includes some Siberian taiga species which do not reach Fennoscandia. Also, the distribution limits of several species extend further north in Arkhangelsk oblast than in the more western parts of Europe. We estimate that 500 to 800 species remain to be found in the study region.
Introduction
Arkhangelsk oblast covers an area of 587,400 km 2 , slightly larger than France, and is located in the northern part of the East European Plain. It includes Nenets Autonomous Okrug (NAO), the continental part of which is flat lowland tundra (Bolshezemelskaya Tundra) with several hill chains, while the Arctic islands (Novaya Zemlya and Franz Joseph Land) are mountainous. Due to the obvious environmental and biogeographical distinction between NAO and the remaining (mostly forested) parts of Arkhangelsk oblast, and because of an insufficient knowledge on the moths and butterflies of NAO, we deliberately excluded NAO from our study region. Thus, the area covered by our checklist (Fig. 1) is 410,700 km 2 . For the reasons of brevity, hereafter "Arkhangelsk oblast" means "Arkhangelsk oblast excluding NAO".
The northernmost parts of Arkhangelsk oblast (Mezensky district and the northern part of Primorskyj district; Fig. 1 ) is forest-tundra, whereas the remaining territory is covered by boreal taiga forests. Arbitrarily, these forests are subdivided into northern taiga (to the north of 64-th latitudes), middle taiga (most of the oblast), and southern taiga (Konoshsky district). Nearly two thirds of forests are formed by Norway spruce, the remaining forests are dominated by Scots pine (20%) and birches (14%). Typical Siberian trees (Abies sibirica, Larix sibirica), which do not belong to the recent flora of the Nordic countries, occupy relatively small areas to the East of Onega River. Wetlands cover 14% of Arkhangelsk oblast, and meadows 2.5%. The most fertile meadows are located on flood-plains along Northern Dvina and Mezen Rivers (Byzova 2007) .
One of the most fascinating regions of Arkhangelsk oblast is the Kuloi plateau on the White Sea confined by the rivers of the Northern Dvina, the Pinega and the Kuloi. In this region, gypsum and anhydrite rocks of the Early Permian age are subjected to active karst processes. One of the flagship plants of this region is Paeonia anomala. The strongly meandering rivers have remarkable impacts on diversity of the riparian biotopes and act as migration paths for the southern fauna and flora (Mazur & Kubisz 2013) .
The insect fauna of Arkhangelsk oblast is poorly known. The two first reports on Lepidoptera from this region listed 126 species collected in Kotlas (Krulikovsky 1906 ) and 13 species collected mostly in Mezensky district (Poppius 1906) . The next paper by increased the number of species recorded in Kotlas to 280. From late 1960s to mid-1970s, L. F. Zelenova intensively investigated moths feeding on trees and shrubs in the city of Arkhangelsk and its surrounding areas. Her major publication reports 201 species, and several more species were added in subsequent publications (Zelenova 1973 (Zelenova , 1976 . Importantly, L. F. Zelenova worked under supervision of V. I. Kuznetzov, who checked many of her identifications. From 1991 to 1994, A. M. Tikhomirov collected macrolepidoptera in the Pinega reserve. Results of his work are partially published (Tikhomirov 1994 , Tikhomirov & Bolotov 2000 , Antonova & Tikhomirov 2002 . From the mid1990s, I. N. Bolotov has been actively studying butterflies of Arkhangelsk oblast (Bolotov 2002 . Some information on macrolepidoptera was published in the lists of rare and protected species , Bolotov & Semushin 2003 as well as in two papers on Parnassius mnemosyne (Linnaeus) (Rykov 2009 , Bolotov et al. 2013b . Finally, the rarely observed, but widespread palaearctic tiger moth, Borearctia menetriesii (Eversmann), was recently discovered in the study region (Bolotov et al. 2013c) .
Although several applied publications (Ezhov 2008 , Ezhov & Burak 2010 , Burak & Ezhov 2011 reported records of some moth species in Arkhangelsk oblast, identifications of these species are doubtful and therefore these data sources were not used while compiling the checklist.
In this paper we summarize the recent knowledge on moths and butterflies of Arkhangelsk oblast in a form of checklist reporting localities from which each species was collected. We believe that, in spite of the obvious incompleteness, this list may appear useful for ecological and biographical research and will facilitate further studies of Lepidoptera in the north-eastern Europe through identification of taxonomic and geographic gaps in our knowledge.
Material and methods
This paper is primarily based on the materials (some 4,500 pinned specimens, selected from over 17,500 collected specimens) sampled by M.V.K. and V.E.Z. from 86 localities in the Arkhangelsk oblast during 2009-2013 (Table 1) . These samplings took place on: 17.-19. VII.2009; 14.-17.VI. and 7.-9.VIII.2010; 14.-26.VI.2011; 17.-20.VI.2012; 2.-6. and 24.-29.VI.2013 . Information was kindly provided also by M. Tähtinen who (together with J. Paukkunen) collected Lepidoptera in SW part of the oblast, in lo- VII.2012 . In addition, we arranged a 10 week-long light trapping in one locality, Vi3, on 15.VII. -28. IX.2011. We also recorded easily identifiable species on the basis of visual observations, collected leaf mines and reared moths from field-collected larvae.
The materials are mostly deposited in the Zoological Museum, University of Helsinki (MZH). Some specimens were donated to the Zoological Museum in St. Petersburg (ZISP), and samples of 2011 were partially donated to the Natural History Museum in London (NHM).
Additional information was obtained by studying collections of ZISP, where we checked materials of each of 717 species that were reported (Sinev 2008 ) from the biogeographical region that includes Arkhangelsk oblast. We also sought for specimens from Arkhangelsk oblast in so-called "Arctic collection" created by N. Y. Kusnezov in 1930s and in accession materials. In the Northern (Arctic) Federal University (Nar-FU), Arkhangelsk, we checked, sorted and identified all specimens (some 2,000 exx) collected by L. F. Zelenova; most of this material is now transferred to ZISP. We also studied reference collections of NarFU, samples collected by students during the summer courses and photographic images from the private collection of Anatoly Popov, Arkhangelsk.
In the following list, an asterisk (*) denotes species that are reported from Arkhangelsk oblast for the first time. The references to earlier publications are given only if there are no specimens examined by the authors. For each species, we provide the list of localities (Table 1, Fig. 2) . Codes of the localities include two-letter abbreviations of the administrative units ("rayon", translated as district) within the Arkhangelsk oblast ( Fig. 1) and a numerical code, with 0 referring to a record made from this administrative unit which cannot be attributed to any specific locality within it, and with 1 referring to the administrative centre of respective unit. The only exception is Solovetsky Archipelago, for which we used the codes starting with "So", although this archipelago administratively belongs to Primorsky district. A dash between the numerical codes indicates that the species was recorded in all localities whose numbers lie between those connected by a dash. The order of families follows Nieukerken et al. (2011) , the order of genera and species within a family mostly follows Sinev (2008) , whereas species-level nomenclature is given after Fauna Europaea (Karsholt et al. 2013) .
When commenting distribution records, we used all available sources of information, primarily Kullberg et al. (2014) , Hyönteistietokanta (2014) and Sinev (2008) . The references to the regions of Russia follow the subdivision of the country adopted by Sinev (2008) . Biogeographical provinces of Finland are given in italics; for a map of the provinces, consult Kullberg et al. (2002) or Haarto and Winqvist (2006) . (Stgr.) . Kt4. This is one of the most interesting records of this study.
List of species
The only specimen, a male, was collected running on bare sandy shore on the riverside. The species is previously known only from the steppe zone in Krasnoarmeysk, Saratov oblast of Russia and Uralsk (Lake Indersky) in Kazakhstan (Huemer & Karsholt 2010 ). *Scrobipalpa atriplicella (F. v. R.). Ka1, Ve1, Vi3. *Klimeschiopsis kiningerella (Dup.). Pr16. *Caryocolum blandella (Douglas). Pr16. *C. cassella (Walk.). Pl10. *C. petrophila (Preissecker). Pl10. *C. leucomelanella (Z.). Pi4. This is the northernmost record of this Euro-Siberian species, which is widely distributed in Central Europe, but does not occur in the Nordic countries (Huemer & Karsholt 2010) . The nearest records are from north-western region of Russia (Sinev 2008 ). *C. vicinella (Douglas). Ka11. Exoteleia dodecella (L.). Kt1 . Carpatolechia alburnella (Z.). Kt1 (Kozlov & Jalava 1994) but not elsewhere in the Nordic countries, except a few specimens from southeastern Finland (Ka: Virolahti). The latter record was published as Clepsis sp. nr. rogana (Kullberg et al. 2002 . C. senecionana (Hbn.). Kt1, Pl3, Pr1, Pr16, So4. *Adoxophyes orana (F. v. R.). Pl9, Pr1. *Epagoge grotiana (F.). So4, So6-7. *Philedone gerningana (Den. & Schiff.). Kh4, On3, Pr1, Vt5. *Philedonides lunana (Thnbg.). Pr16. *Endothenia ericetana (Humph. & Westw.). Vi3, Vi5-6, Vt6. *E. marginana (Haw.). Ka1. *E. quadrimaculana (Haw.) . Kt7, Pi4, Pr1, Vi3. *Bactra furfurana (Haw.) . Pi4, Pr11, Vi8, Vt4. *B. lacteana Caradja. Pl3. *B. lancealana (Hbn.). Kt4, Ve1, Ve2-3, Vi8. Apotomis betuletana (Haw.) . Kt1, Pr1, Pr16. A. capreana (Hbn.). Kt1, Pl7, Pr9-10, Pr16, Ve1. A. infida (Heinrich). Pr1, Pr6, Pr16, Pr23. *A. inundana (Den. & Schiff.). Kt5. *A. semifasciana (Haw. ). *Ph. schulziana (F.). So1, So4, So6-8. Ph. turfosana (H.-S.). Me1, Pl2, Pr16, So1. *Ph. umbrosana (Freyer). Kb4, Pr16, So4, So6-7, Vi5. Celypha cespitana (Hbn.). Kt1, Kt7, Vt5-6. *C. rufana (Scop.). Kb2, Kb4, Kt4, Pl3, Pr16, Sh3, So6, Vi5, Vt3, Vt5. *C. rurestrana (Dup.). Pr16.
Ka10-11, Ka13-14, Kb2, Kb4, Kh6, Kh8, Kh10, Kh12, Kh15, Ko2-3, Kt1, Kt7, On3-4, On6, Pi4, Pi6, Pl2-3, Pl7, Pl10, Pr1, Pr10, Pr16, Pr24, Sh2, So4, So6, Us3-4, Ve1-5, Ve8, Vi2-3, Vi5, Vi7, Vt3-4. L. rivulana (Scop.). Kb4, Kh3-4, Kt1, Kt5, Kt8, On3, On6, Pl3, Pl8, Pr12, Pr16, Ve2, Ve5, Vi5, Vi7-8, Vt3-6. Pseudosciaphila branderiana (L.). Kt1 Kb4, Kt8, On7, Pi4, Pr16, So6, Ve5, Vi5, Vi8. *D. nigrobrunneana (Toll) . Kb4, Ve4. This is the northernmost record of this rare Euro-Siberian species which does not occur in Fennoscandia. The nearest records are from Estonia (Karsholt et al. 2013) and from the central European region of Russia (Sinev 2008 ). *D. obscuratana (Wolff). . Ka5, Ka7, Ka10, Kb4, Kh3, Ko3, Kt1, Kt4, Kt6, Pl7, Sh2, Ve8, Vt6. *D. plumbagana (Tr.) . Ka8, Ka10, Ka12, Ka14, Pr16, So5, So8, Ve8, Vi5. D. plumbana (Scop.) . Ko2, Kt1, Pi2, Pr16, Sh2-3, Us5, Ve1. *D. sequana (Hbn.). Ka14. This is the northernmost record of the species. The species has been recorded also in the southern taiga region of Russia south of Arkhangelsk oblast (Sinev 2008) and in southern Sweden (Gustafsson 2014) , but not in the Baltic countries (Karsholt et al. 2013 ). *D. uralensis (Danilevsky) . Us3-5. The earlier published records from Russia are from more southern regions (Sinev 2008) , but the species was collected also near Krasnyi Kamen in Polar Ural (J.K., pers. obs.). In Northern Europe, the only record is from Latvia (Karsholt et al. 2013 ). *Grapholita compositella (F.). Ka14, Kb4, Kh8, Ko2, Kt3, Me3, Pi2, Pi4, Pl23, Pr1, Pr9, Pr16, So8, Pr16, Ve5, Vi8, Vt3. *G. jungiella (L.) . Pl2, Pr16. *G. orobana (Tr.) . Kh3, Pr16, So6. *Pammene aurana (F.). Ka14, So4. *P. clanculana (Tengstr.). Ve1. *P. gallicana (Guenée). Pl2, Pl10. P. germmana (Hbn.). Pr1, Pr16, Us6. P. luedersiana (Sorh.). Pr16. *Cydia cognatana (Barrett). Pr16. *C. coniferana (Saxesen). Pl3, Pr16. C. cornucopiae (Tengstr.). Pr16. C. cosmophorana (Tr.) . Pr16. *C. illutana (H.-S.). Pr16, So1, So7. C. indivisa (Danilevsky) . Pr16. *C. nigricana (F.). Ka7, Ka10, Ka14, Kh8, Ve1, Ve4-5, Vi8. *C. pactolana (Z.). Pl3, Pr16. *C. pomonella (L.). Ar0. C. strobilella (L.). Pl2, Pr16. C. zebeana (Ratz.). Ar0 (Danilevsky & Kuznetzov 1968) . This is the westernmost North European record of this Euro-Siberian species that occurs in Central Europe (Karsholt et al. 2013) and in Ural Mts. (Sinev 2008) . Lathronympha strigana (F.). Ka1, Ka14, Kb2, Kb4, Kh8, Kt1, On6, Pl10, Pr16, Vi3, Vi5, Vi8, Vt6. Cossidae Cossus cossus (L.). Kh15, Kt1, Pl3, Pr1, Vt2.
Sesiidae
Paranthrene tabaniformis (Rott.) . Pr1 ). *Synanthedon formicaeformis (Esp.). Pr16, Pr28, Us4.
S. scoliaeformis (Borkh.). Pr1 . S. spheciformis (Den. & Schiff.) . Pr16 . S. tipuliformis (Cl.). Pr1, Pr16 Kt1, Me5, On0, Pi7, Pr1, Pr5, Pr9, Pr19, Pr22, Pr32, Sh4, So0, Vi4 . Hesperiidae *Pyrgus alveus Hbn. Ve8. *P. centaureae (Rambur). Pl3, So0. P. malvae (L.). Ka10, Kt1, Us3, Us4. P. serratulae (Rambur). Kt1 . The nearest records are from Vologda and Ukhta (Lvovsky & Morgun 2007) . The species is present in Baltic countries, but does not occur in Fennoscandia (the record by Karsholt et al. [2013] from Sweden is erroneous). Carterocephalus palaemon (Pallas). Pi4, Pl3, Pr1, Pr5, Pr13, Pr16-18, Pr32. C. silvicola (Meigen). Pr0, Us4-5. Thymelicus lineola (Ochs.). Ka5, Kb2, Kb4, Kh8, Kh10, Kt1, Kt8, Pl4, Pl8, Pr1, Pr12, Sh2, Sh4, Ve5, Vi5, Vt3, . Ochlodes sylvanus (Esp.). Ko2, Kt1, Pr0, Ve4. Hesperia comma (L.) . Kt1 .
Pieridae Leptidea morsei (Fenton). Ka11, Ka14, Kh8, Pi4, Pr1, Pr9, Pr16, Pr17, Us2-3, Us5-6, Ve6, Ve8, Vi10. This Euro-Siberian species has not been recorded west of Arkhangelsk oblast in Nymphalidae Limenitis populi (L.). Kh15, On0, Pi4, Pl4, Pl6, Pr3, Pr21, Vi4. *Neptis rivularis (Scop.). Kb4, Us3-4, Vg1. The species is locally abundant in habitats where its foodplant Spiraea is present. The species has been reported from north-western and Kaliningrad regions of Russia (Sinev 2008 ), but it is absent from the Baltic and the Nordic countries (Karsholt et al. 2013) . Neptis sappho (Pallas). Vt2 (Filippov 2009 ). The distribution of the species is very similar to that of the previous species, although N. sappho is absent from the north-western region of Russia (Sinev 2008 ). The species is much scarcer than the similar N. rivularis, probably due to the scarcity of its food plants Lathyrus vernus and L. niger.
recorded from this area for the first time. Eight species reported from the oblast in earlier publications are excluded from the list. The records of 929 species are based on the material from 160 localities that was examined by the authors. We have not seen any specimens of 107 species reported from Arkhangelsk oblast in earlier publications. In line with the earlier practice (Kozlov & Jalava 1994) we consider these records as requiring confirmation. For seven species we do not have any information on sampling locality even at the level of an administrative unit within Arkhangelsk oblast. Six of these species were found in non-labelled student's samples in NArFU and one species was referred to in a publication that did not indicate exact sampling sites. Although the fauna of Arkhangelsk oblast is clearly poorer than that of the Ural region due to the lack of higher mountain chains, it includes some Siberian taiga species which do not reach Fennoscandia. Also the northern distribution limits of several species extend further north in Arkhangelsk oblast than in the more western parts of Europe. A more continental climate is the likely reason for this pattern in some butterflies and larger moths. Similar patterns are seen in the distributions of several species of butterflies in Sweden and Finland, i.e. in the eastern regions they reach more northern latitudes. However, for other species the limited distribution can be explained by the current distribution of host plants as in the case of Syngrapha ain and Cydia zebeana feeding on larch, continuous distribution of which lies well on the eastern side of Onega Lake. Similarly, the distribution of Melanthia spp., Thyris fenestrella and Horisme aemulata depends on Clematis sibirica, which is abundant in the taiga east of Onega Lake.
From our point of view, the most interesting species in our list are those which do not occur in either the Baltic countries or Fennoscandia (including the Russian Karelia). Twenty-three species recorded in Arkhangelsk oblast are not found in Finland. However, the following comparison is restricted to well known groups in order to get a reliable picture of the differences between the regions.
Six species of butterflies and skippers found in Arkhangelsk oblast are not found in Finland, and two more species (Cupido alcetas, Erebia euryale) have been recorded in Finland only once. The families Erebidae, Lasiocampidae, Sphingidae and Noctuidae each had one species not found in Finland: Arctia villica, Phyllodesma japonica, Smerinthus caecus and Caradrina petraea, respectively; Geometridae add two species, Melanthia procellata and M. mandshuricata, to this list. Several of these species, in particular A. villica, P. japonica and C. petraea, have not demonstrated range expansion in northern Europe: they have been known to occur only few tens of kilometres SE of the Finnish-Russian border (Kaisila 1962 , Marttila et al. 1996 for decades, but never expanded to Finland, although there is no limiting food plant or biotope preference as in the Pulsatilla and Clematis feeding species of Melanthia. Among butterflies, Neptis rivularis could have potential to disperse in rural areas in Finland where its food plants (Spirea spp.) are commonly cultivated. Also Leptidea morsei, which we found amazingly common in the Arkhangelsk oblast, may further expand westwards.
The composition of butterfly fauna hints that we may expect clearly more "exotic" southern and eastern species to be found in Arkhangelsk oblast, especially among microlepidoptera, as some interesting species have already popped up. The most striking faunistic record is Gnorimoschema robustella, previously known from the lowlands of the South Ural region only, but also findings of Caryocolum leucomelanella and Dichrorampha sequana are surprising as they lie quite far north of the known distribution ranges.
Clouded Apollo (Parnassius mnemosyne) is one of a few species of butterflies, the ecology and distribution of which is well studied in Arkhangelsk oblast (Rykov 2009 , Bolotov et al. 2013b . We discovered several populations of P. mnemosyne in the southern part of the region (localities Ko2 and Us3-5), where this species had not previously been recorded. In all these localities, the species was common on meadows along the riverbanks: one observer recorded 1 to 12 specimens in each habitat (400 to 2,500 m 2 ) during 45-60 min.
We classify the current level of knowledge of the lepidopteran fauna of Arkhangelsk oblast as modest. This conclusion is based on the comparison with the well-known fauna of Finland, which amounts about 2,600 species (J.K., pers. obs.), and on the ratio between the numbers of collected micro-and macrolepidoptera (1.08) which is much lower than the value of 1.6 that is characteristic of well-studied faunas of boreal forest zone (Sinev 2008) . However, the Arkhangelsk oblast lies outside the distribution range of numerous woody plants that are naturally growing in the hemiboreal zone in Finland, which excludes dozens of moth species from its fauna. Particularly, oak (Quercus robur), maple (Acer platanoides), lime (Tilia spp.), common buckthorn (Rhamnus catharctica) and blackthorn (Prunus spinosa) do not belong to the native flora of Arkhangelsk oblast, although some of these species are cultivated in urban parks. The lesser extent of the study region towards the North relative to Finland and absence of mountains further remove several arctic and montane species from the potential fauna. Still we estimate that 500 to 800 species of Lepidoptera remain to be found in the Arkhangelsk oblast.
Among the districts of Arkhangelsk oblast (Fig. 1) , the fauna of the surroundings of Arkhangelsk is documented much better than the fauna of other regions, with 385 species recorded from Malye Karely (Pr16; 28 km S of Arkhangelsk), the favourite collecting site of L. F. Zelenova. In contrast, the fauna of south-western and northeastern parts of the oblast remains clearly underexplored. In terms of phenological groups, spring, early summer and late autumn species are less recorded than mid-summer species.
